He have isolated and characterized a family of interspersed repetitive elements which make up about 1Z of the mouse genome. The elements represent a group of homologous but non-identical units about 400 bp in length. Individual members of the family show considerable divergence from one another. The spacial relationships between members of the family and a number of other identified mouse sequences including structural genes have been determined; these elements are found on the 5' as well as 3' sides of various genes at distances ranging from less than 1 to 7.5 kilobases (Kb). The sequences are present In the DNA of all species of HUB. Related sequences are present in the rat genome at a repetition frequency similar to that in the mouse genome. A partial sequence of one member of the family is presented.
INTRODUCTION
A number of moderately repetitive interspersed sequence families have been identified in the mouse genome (for reviews, see 1,2). With copy numbers in the range of lO^-lO^, each of the families may represent IX or more of the genomic DNA. Members of the families range from quite snail, such as the 130 bp Bl family unit (3), and 475 bp R family unit (4), to ones which are quite long, such as the recently described 5.6 Kb repeat family (5). In many cases, the unit size of the family members has not yet been determined, and it appears that repetitive sequences of more than one type can be associated with one another in different combinations (6) . There is no known function for most of these sequences, and very few have been sufficiently studied to determine their relationship, if any, to structural genes.
In the course of our studies with a family of repetitive dispersed retroviral genes (7,8), we observed a much more reiterated sequence element close to the 5' end of one of these genes. This sequence was used as probe to isolate other members of this highly reiterated family and to determine their properties, and spatial relationship to other genes.
METHODS

Sources of DNA
High molecular weight DNA was prepared from mouse myeloma, rat hepatoma, and Syrian hamster kidney as previously described (9) . Monkey BSC-1 cell DNA was from Maxine Singer, NCI. Cloned LAP genes were isolated from a library of mouse DNA in X phage Charon 4A (generously provided by J. Seldman, NIH) (7).
The recombinant used in these experiments, AKLA14, contains the entire LAP gene sequence. Recombinant clones containing various other mouse genes isolated from gene libraries in X phage were obtained from a number of individuals as indicated in Table 1 . The rat gene library (10) was provided by T. Sargent, NCI.
Sub-cloning of DNA Fragments in pBR322
DNAs were digested with restriction endonucleases (N.E. Biolabs) and the digests were electrophoresed in agarose gels as previously described (7) . DNA fragments were recovered from the gels by electroelutlon. Fragments were ligated to pBR322 and the mixtures used to transfect _E. coll. Amplcillin resistant transfornants were screened by hybridization as previously described (7) .
Filter Hybridization
For homologous DNA reactions, hybridization of filters to nick-translated or end-labeled probes was as described (7) except all three washes were in 0.1 x SSC (1 x SSC -0.15 M NaCl, 0.015 M sodlun citrate), O.25Z SDS for 15 min. at 55°C. Heterologous reactions were done at 50°C, with washes in 6 x SSC at 55°C.
RESULTS
Identification of an Interspersed Repeat Family in Mouse Genomic DNA
In the course of our studies on a family of retrovirus genes related to the intracisternal A-particle (IAP), we prepared fragments representing different parts of the viral genome for use as hybridization probes. Figure 1 shows a partial restriction map for the particular cloned IAP gene, AHIA14, that was used in these experiments. When most of the fragments from this gene were labeled and hybridized to mouse genomic DNA which had been cut with restriction endonucleases, the blot hybridization patterns were those expected from the known restriction maps of the IAP genes, which are present in the mouse genome at 1,000 to 2,000 copies (9). However, a 2 Kb EcoRI fragment, containing the 5' viral long terminal repeat (LTR) and about 1. Table 1 Heteroduplex formed between pBE5-V and pG3-28. pBE5-V DNA was linearized with SphI as above. pG3-28 DNA was linearized with BamHI, which cuts the plasmid pK04 16 bp from the HindIII site at one end of the mouse DNA insert (see Fig. 1 ). The homology region lies close to this end of the insert, leaving a short single strand region of pG3-28 opposite the long single strand region of pBE5-V. Part of the pBR322 sequences in pBE5-V remain single stranded because these sequences have been replaced with the E. coll galK gene in pG3-28 (shown as xxx here and in Fig. 1 ). Markers were those used in A. The sizes of the regions measured in bps were as follows (numbers In parentheses give expected lengths for pBR322 and pK04 sequences): a, 1400+200; b, 1080+70; c, 660+130; d, 2430+100 (2300); e, 1520+190 (1500); f, 1370+110 (1300). TAT CGATGG AACACAGCGC CCCCAGTGGA GGAGCTAGAG AACGTACCCA  TG  C C  C  T  A  A   70  80  90  100  110  120  130  A GAGCTGAA GGGGCCTGCA ACCCTATAGG TGGAACAACA AAAIAAACTA ATCAGTAACC CCAGAGCTC  GG  T  TGCC  T   140  150  160  170  180  190  200  GTATCTCTT GCTGCAIATG TAGCAGAAGA TGGACTAGTC AGCCATCATT GGAAAGAGAG GCCCCAACGT  GCA  I  CG  G  TC   210  220  f  230  240  250  260  270  CTAGCAAACT TTATATGTCT CAGTAC GGG GA CGCC GT TGCC AGAAG TGGCACTGGG TGGGTAAGGG  T were linearized with SphI which cuts pBR322 in such a way as to provide double-stranded regions of 532 and 3802 bp as convenient internal size markers. The heteroduplex between these molecules is shown in Fig. 3B . In these experiments, the homology region was measured as 425+60 bp.
Another example of the reiterated element was detected in a recombinant consisting of a 850 bp Hindlll fragment of mouse genomic DNA cloned into pK04 (12), which was provided by S. Segal, NCI. A heteroduplex between the BamHI linearised DNA from this clone, designated pG3-28 (see Fig. 1 ), and
SphI linearized pBE5V had a homology region of 430+90 bp (Fig. 3C) . Similarly, a heteroduplex between pG3-28 and pMIA9 had a size of 360+60 pb (not shown). In recombinant clones containing K variable region genes. Table 1 summarizes our data obtained by restriction enzyme analysis and/or heteroduplex analysis on the relationships between R sequences and other mouse sequences.
It is clear that R sequences occur on either the 5' or 3' sides of a number of genes, at distances ranging from less than 1 Kb up to 7.5 Kb. We could detect no obvious constant special relationship between R elements and the other sequences.
We found R sequences in a number of genomic clones containing IAP genes isolated in our laboratory. Three genomic clones selected for other genes We also tested R sequences for homologles to other short mouse repetitive sequence families by DNA dot hybridization as previously described (23) .
There was no homology to the repetitive sequences In the mouse ribosomal DNA non-transcribed spacer (24) or to the evolutionarily conserved TG repeats (25) 
R Sequences in Mus musculus
It was apparent from hybridization of blots of cloned DNAs containing different members of the R family with 9-H/K probe that the reaction intensities for similar amounts of DNA varied a great deal. In addition, we could not find common patterns of restriction sites for different cloned R sequences. This suggested that although these sequences are related, individual members could be quite heterogeneous. To examine this question, we determined the thermal stability of hybrids formed between members of the family.
A 650 bp end-labeled Hlndlll/Bgl fragment from pG3-28 (G3-H/B probe, see Fig. 1 ), which contained an entire R sequence as defined by heteroduplex analysis, was used as probe. The homoduplex formed between this probe and pG3-28 DNA had a sharp melting curve with a T,,, of 87°C (Fig. 5) .
The melting curve for hybrids formed between the probe and genomic DNA from Mus muBculuB was relatively homogeneous and nearly as sharp, but the TJJ was 12.5° lower than that of the homologous hybrids, indicating a divergence of -IX) range (Fig. 7) . Few discrete reactive fragments reflecting classes of sequences with similar Hindlll sites could be distinguished. When the 9-H/K fragment from pMIA9 (the same probe used to scan the mouse genomic library) was hybridized to recombinants in a rat genomic library consisting of 10-20 Kb inserts in \ phage (10), the same percentage of clones reacted (27Z) as had reacted with recombinants from the mouse gene library. Thus, the R sequences seem to be dispersed in the rat genome at a reiteration frequency similar to that seen in the mouse. Figure 5 shows the melting curve for hybrids formed by rat genomic DNA and the G3-H/B probe. The shape of the curve was similar to that for the two mouse genomic DNAs but the T^ was 17.5° lower, consistent with the phylogenetic distance between these species (26).
The reaction with Syrian hamster DNA was much weaker than those with mouse and rat DNAs (Fig. 7) , and discrete components over a wide size range were detectable. Thus, some of the related elements in this species may be in higher order repeat units not detected in mouse and rat. Although the reaction with monkey DNA was weak as expected for a very distantly related species, several discrete fragments could be detected.
Identification of Sequences Related to Transcrlptlonal Control Regions
The sequence of pG3-28 was searched for eucaryotlc regulatory signals and compared with sequences known to have such signals using the computer program of Queen and Korn (27) . A DNA polymerase II promoter TATAAA (28) and a polyadenylatlon signal AATAAA (29) were identified at positions 220 and 109, respectively (see Fig. 4) . No DNA polymerase III promoter signals (30) were found. In comparing other sequences, the only matches considered were those with greater than 75Z homology and a probability of less than 10"^ that they occurred randomly. When the pG3-28 sequence was compared with that of SV40 control region, numerous such regions of homology were found, primarily with the origin of replication or the 72 bp repeat (31). Three of the latter Included the region of the SV40 72 bp repeat which has been shown to have "enhancer" activity (32). The best of these, a 90Z homology with nucleotides 163-172, is indicated as a boxed region In Fig. 4 . The significance of the presence of these signal sequences remains to be determined.
DISCUSSION
In this paper we have described the identification and characterization of a family of repetitive sequence elements in the mouse genome.
The R family was defined by Gebhard et al. (4) on the basis of six members , all of which were found in recomblnants containing K light chain variable region genes (33). We have shown that members of the family are found near other genes as well and in several cases determined their location with respect to these genes ( Table 1) .
The approximately 60 Kb region of the mouse 0-globin gene cluster has been studied in detail with respect to both coding sequences (11,13) and repeated elements (13, 34) . This locus in the mouse is similar to that in other mammals in having multiple repetitive elements Interspersed among the B-globln genes (see 35). Although it is clear from previous work, that the mouse locus contains at least five classes of repeated sequences (6), their nature and the relationships between them are not known, except for a Bl element which has been mapped to a position 3' to the B~ major gene (34) and another element which has been identified as a satellite-like sequence (6). The 9-H/K probe gave positive reactions with four regions of the g-gene locus. In two of these instances we have localized the R sequence within an approximately 1 Kb region (see Fig. 2 ), thus determining the size and location of a major repetitive element in this locus. is not known whether the presence of these sequences is invariably associated with enhancer activity and whether R sequences have such actvity remains to be determined.
